Firstly, recently, there are a lot of techniques being demanded for complex process, various explosive initiation method and highly accurate control of detonation are needed. In this research, the metal foil explosion using high current is focused attention on the method to obtain linear or planate initiation easily, and the main evaluation of metal foil explosion to initiate explosive was conducted. The explosion power was evaluated by observing optically the underwater shock wave generated from the metal foil explosion.
INTRODUCTION
Explosive is a material which generates high energy in a moment. And it is applied to many field of the society, such as material development, civil engineering, medical treatment and so on. Generally, electric detonator is used for initiating the explosive. The electric detonator is chambering primary explosive and base charge in a metal pipe and it has electrical ignition system, a current flow in the ED causes ignition of the explosive. However, in the case of using the ED, there is a possibility that the accidental bombing happens because gunpowder is contained. Also, only not the plane shock wave but the shock wave spreads radially is obtained. There is a weak point like the above-mentioned. Therefore it is safer and needed the means to achieve the detonation of the explosive along the purpose.
In this paper, it is investigated on a new method of initiation explosive and the clarification of the initiation mechanism of explosive. Firstly, we focused on metal foil explosion using high current as an available method of planer initiation system. Initiation explosive used by metal foil explosion is applied in widespread use, such as a source of shock wave and light in optical observation. So we performed evaluation of metal foil explosion to initiate explosive. Explosion power is estimated for optical observation on under water shock wave of metal foil explosion. Also numerical simulation was conducted and validity with the experiment was investigated.
The clarification of the initiation mechanism of explosive is a theme because it prevents the accident due to sudden ignition explosion of the explosives beforehand actively researched in recent years. Then, the initiation sensitivity was investigated by using the numerical analysis for high safety of the explosive.
METHOD OF EXPERIMENT

SELECTING METAL FOIL
My laboratory is investigating the method of generating shock wave using electric power from the past. There is a report which investigated metal wire explosion in the past, and it is shown in table 1. There is a report in the case of copper wire of the diameter 0.5mm when the highest shock wave velocity generated. Table 2 shows material parameter. From this and past results, the good electric conductivity metal understood that the shock wave is strong. Therefore, we investigated about good electric conductivity metal such as cupper, aluminum, silver. Also, we used metal thickness is 0.03mm to 0.05mm as same cross section of past experiment.
EXPERIMENTAL DEVICE
The experiments were performed in a PMMA box, as illustrated in Fig. 1 . The high-capacity condenser of capacity 10kJ (12.5µF, 40kV), made by Nichicon Corporation, was employed for this experiment. In the present work, the experiments were performed at voltages of 40 kV. Change of current with time was measured using a Rogowski coil attached with cables and captured by digital oscilloscope. After attaching the copper foil to the electrodes, water was placed in the PMMA box fully. When high current is loaded to the copper foil in this state, the foil is rapidly heated and changes to plasma state. After changing to plasma state, the underwater shock wave was generated. Optical observation of the underwater shock wave was performed by the shadowgraph method using high-speed video camera HPV-1 made by Shimazu corporation. The shadow graph method is used to make the shock wave and the wave phenomenon visible by the one that projects the shadow of light by the density change of the medium directly to the camera. Figure 4 . The pressure calculation of water and copper is calculated by Mie-Grüneisen equation of state. The Johnson-Cook plasticity model is used to the high distortion speed in metal material, such as copper.
METHOD OF CURRENT MEASUREMENT
NUMERICAL SIMULATION OF INITIATION SENSITIVITY
The numerical analysis is calculated by LS-DYNA 3D (commercial code). To understand the initiation reaction of an explosive, Lee-Tarver equation was used and impact detonation process was analyzed by ALE code. Configuration of simulation model is a quarter of circular cylinder. This model shows Fig. 5 . The donor type of explosive (SEP) was used as initiation explosive. When the donor explosive is exploded, a shock wave is generated and it propagates into PMMA. During passing through the PMMA layers, the shock wave is attenuated and finally, it has influence on the acceptor explosive, Comp. B. Here, we evaluate the initiation of acceptor explosive and discuss about detonation pressure, reactive rate of acceptor explosive and attenuation of impact pressure. 
Optical observation of metal foil explosion
Optical observation of the underwater shock wave was performed by the shadowgraph method using high-speed video camera HPV-1. The flaming photograph obtained by optical observation is shown in Fig. 6 . These are some framing photographs which I took from 0 µs to 15µs. It was confirmed that the shock wave was linear. And it was cleared underwater shock wave velocity and detonation point. The curve fitting method was used to calculate underwater shock wave velocity and function approximation of the plotting point was done. The equation of Curve fitting method is as below. In this results, the shock wave velocity measured from experiment at the center of experimental device is shown in Fig. 7, Fig. 8 . It showed that shock wave velocity is attenuated and it converges on sound velocity in water. It is known between the shock wave velocity Us and the particle velocity u p that the following relation will generally be realized. C 0 and s are constants peculiar to a substance here, and C 0 is in agreement with sound velocity. Moreover, when shock wave velocity and particle velocity are known, pressure P is given by the following equation.
Using above equation and value, shock wave pressure was calculated. This result is shown in Fig. 9, Fig. 10 . Peak pressure is about 450MPa. Pressure as well as shock wave velocity is attenuating gradually. Fig. 11, Fig. 12, Fig. 13 show the change in electric current and voltage for experiment, respectively. This parameter was measured using a Rogowski coil attached with cables and captured by digital oscilloscope. These figures showed that it took 5µs from starting point to flow current to initiation point. Also, aluminum is different current form. And discharging time is very short. So, I think aluminum getting high power shock wave more than cupper in spite of low electric conductivity metal. Now, I am investigating whether there is a relation between current and shock wave velocity. Fig. 14 shows comparison between experimental result and numerical analysis result. Also Fig.  15 shows the images clipped from the movie file of numerical analysis. This is a pressure distribution. Red zone is high pressure. It is confirmed that the pressure is gradually attenuating.
Current and voltage measurement
NUMERICAL SIMULATION OF METAL FOIL EXPLOSION
Numerical analysis using LS-DYNA provided comparatively good agreement with result from experiment. Maximum pressure is almost coincident with experimental value and numerical analysis. 
NUMERICAL SIMULATION OF INITIATION SENSITIVITY
We found out the following point in order to evaluate the adequacy of Lee and Tarver model using numerical simulation. Evaluation of the explosion reaction rate of Comp. B 2.
Attenuating shock wave through PMMA layer 3.
Measurement of detonation pressure and detonation velocity of Comp. B History on pressure contribution and peak pressure of shock wave are shown in Fig. 17,  Fig. 18 respectively. Fig. 16 is in the case of the thickness of the PMMA 60 mm. The case of the PMMA thickness of 40mm, 50mm, as soon as shock wave entered, Comp. B was initiated. The case of the PMMA thickness of 60mm, after the shock wave entered, it initiated after a while. About this result, it is thought that the state before transferring to detonation is deflagration. And, transition to detonation from deflagration in heterogeneous solid explosive such a Comp. B is consisted to be accelerated the shock wave when exothermal reaction by hot spot occurred at shock wave behind. It is thought that that detonation phenomenon is not seen immediately after shock wave incidence has the low initiation power of shock wave, and it is because transition to detonation from deflagration took time. Here, • For the future, I investigate whether there is a relation between current and shock wave velocity. • I will make new experimental device to generate high pressure using reflect wave. Also, I'm thinking the experimental device using convergent wave.
• It has been understood 12.5GPa initial incident pressure to PMMA, and to attenuate gradually afterwards. 
